Introduction
During the past three decades, significant evidence has been derived concerning migrant characteristics, migration patterns, and the major causes (as well as consequences) that push or pull individuals from rural areas into cities in sub-Saharan Africa (Adepoju 1990 (Adepoju , 1995 Oucho 1998; Oucho and Gould 1993; Potts 1995 Potts , 2000 Todaro 1969 ). While past research has given significant insight into migration processes among migrants living in urban areas as a whole, the specific case of migrants living in the rapidly growing urban slum settlements is poorly documented.
Estimates by UN-Habitat (2003) show that in sub-Saharan Africa, about 72% of urban residents live in slums or slum-like conditions. Slum settlements are characterized by make-shift housing, congestion, high levels of unemployment, social fragmentation, high levels of migration, and poor environmental sanitation, health, security, and other social services. Despite the limited economic opportunities in most urban centres in general, and in slum settlements in particular, many migrants continue to flock there in search of jobs and other livelihood opportunities. Although there has been growing concern among policy makers and development partners to address the appalling living conditions in the slum settlements, little is known about the general patterns of migration and what factors attract or push people out of the slum settlements. This paper takes advantage of rich longitudinal data collected under the Nairobi Urban Health and Demographic Surveillance System (NUHDSS) between 2003 and 2007 among residents of Korogocho and Viwandani slum settlements in Nairobi city in order to assess the patterns and determinants of both in and out-migration. Thus, unlike many studies that rely on proxy indicators of slumlike characteristics to estimate people living in slum settlements, our study is unique because we used data collected from actual dwellers of two slum settlements in the city. Longitudinal data are well suited for understanding demographic trends and their drivers, particularly in teasing out causal relationships between migration and other demographic parameters such as fertility and mortality (Collinson et al. 2009b; Kubaje et al. 2009; Nhacolo et al. 2009 ). Understanding migration patterns and dynamics of slum dwellers is also vital in determining how social and health policies should be adapted to the needs of a highly mobile population.
Nairobi, Kenya's capital city, provides a good example of the massive development challenge that rapidly growing African cities are facing. Despite the decline in employment opportunities associated with the economic downturn in Kenya from the 1980s, Nairobi has remained an attractive destination for many migrants as the major labour market in Kenya. Nairobi's population grew at a constant rate of about 5% per year between 1969 and 1999. About 80% of Nairobi residents aged 25-59 are migrants and half of them came to Nairobi between 17 and 23 years of age ). Between 60-70% of Nairobi residents live in slums or slum-like conditions, without proper access to sanitation or affordable clean water (African Population and Health Research Center 2002; UN-HABITAT 2008) .
Korogocho and Viwandani are located about 5-10 km from the city centre and 3 km from each other. These two settlements are home to nearly 23,000 households. The total population in the two slums grew from about 53,000 in mid-2003 to about 57,500 in mid-2007. Data from a cross-sectional migration history survey carried out in 2006 show that with a median duration of stay of 16 years for the current population, Korogocho has a more settled population. On the other hand, Viwandani, which is located adjacent to Nairobi's industrial area, attracts a youthful and highly mobile population seeking job opportunities in the nearby industries. The median duration of stay in Viwandani is 7 years (Muindi et al. 2009 ). In general, the proportion of economically active individuals (aged 15-64 years old) is higher in Viwandani than in Korogocho. For example in 2008, 72% and 62% of the people in Viwandani and Korogocho, respectively, were aged 15-64. Conversely, Korogocho has a larger proportion of 0-4 year olds than Viwandani (37% vs. 28% in 2008) . This translates into a higher dependency ratio in Korogocho than in Viwandani (62% vs. 39%). Most residents in the two slums rely on unstable and low-paying sources of income (Zulu et al. 2006) . This paper is a contribution to the internal migration literature and in particular to the understanding of circular migration in the poorest informal urban settlements. Our study differs in an important way from similar ones conducted in the past on migration dynamics using longitudinal data in that it applies Event History Analysis (EHA) technique to both in-and out-migration. Previous studies used the actuarial method that may be sufficient at the descriptive level but is inappropriate to analyse the determinants of migration. To the best of our knowledge, this is the first attempt to use EHA framework to analyze Health and Demographic Surveillance System (HDSS) migration data. Chen, Valente et al. (1998) showed that the contribution of natural growth to urban growth is more substantial in Africa than in other parts of the world: on this continent natural growth represents 75% of urban growth while this share was only 50% in Asia (excluding China) in the 1980s. Although sub-Saharan Africa's urban growth is higher than the world average (Bocquier 2005) , the fact that the region experienced a decline of urban growth in the 1990s and 2000s (Bocquier 2003; Bocquier and Traoré 2000; Potts 1995) , suggests that migration has contributed even less to urban growth in the recent past in Africa (Potts 2006) . This is a normal phenomenon when considering the history of the urban transition process: the contribution of migration dominates at the inception of the transition, while natural growth, boosted by a young age structure as in most cities, and reclassification (when a locality crosses the urban population threshold and is no longer classified as rural), dominate at later stages of the transition. Given that the ongoing fertility transition in Africa has mostly been instigated and propelled by fertility decline in urban areas, which also happen to have higher HIV/AIDS and related mortality than in rural areas, we can expect a decline in natural growth of African cities and consequently a decline of the overall African urban growth.
Migration in the urban African context: research questions
The mobility transition theory (Zelinsky 1971) predicts that as countries progress from a low to a high level of urbanisation, rural to urban migration should give way to circulation. Circular migration systems have been confirmed in many African cities such as Harare, Zimbabwe (Potts 2000) ; Abidjan, Côte d'Ivoire (Beauchemin 2002) ; and Nairobi, Kenya ). Similarly, circulation has also been confirmed in rural areas (Clark et al. 2007; Collinson et al. 2009a) . Thus, the decline in urban growth does not seem to translate to a decline in migration intensity in both directions, to and from the city.
Migration theories have addressed the determinants of migration, with emphasis on migration decisions at the micro-level and employment being central since it is believed that migrants primarily moved from their rural places in search of jobs in urban areas. The well known theory by Todaro (Harris and Todaro 1970; Todaro 1969) was the first to hypothesize that potential migrants decide to move to urban settings if the financial costs of their migration is less than the positive difference between their expected earnings in their places of origin and in their destination. Bilsborrow (1998) has emphasized the important role that noneconomic factors such as individual and household characteristics as well as circumstances at the origin and destination also play in explaining rural-urban migration.
The life cycle approach posits that an individual's life is made up of transitions or life events whose interactions shape the decision to migrate over the lifetime (Kulu and Milewski 2006; Lututala 1995) . Indeed, changes in educational, family, and professional lives are considered to be major reasons why individuals need to move from their place of origin to a new area. For example, Lututala (1993) found that schooling (secondary school and college) is the main motive of the first migration in the Democratic Republic of Congo (former Zaire) since access to education usually requires one to move to the school area, which is often far from the place of residence. Also, subsequent graduation from school leads many young people to move to other areas where job opportunities corresponding to their skills are available. Brockerhoff and Eu (1993) highlighted the influence of family events on rural-urban migration in most countries in sub-Saharan Africa where married women with at least two recent births were less likely to move to an urban area. Recent evidence from Ghana demonstrate the same link between family life and migration where being married or having more than two living children deters migration from rural to urban areas (Reed, Andrzejewski and White 2010) .
In rural areas in Africa, poor living conditions in conjunction with critical natural hazards like drought, flood, and famine tend to push many people to move in search of better livelihood opportunities in urban areas (Adepoju 1990; Oucho 1998) . Accordingly, rural households maximize their chances for survival by sending some of their members to urban places to look for other sources of income that their home places are unable to provide (Andersson 2001) . In addition, urban areas also offer better health care and educational facilities that attract poor rural inhabitants. Migration, therefore, represents a mechanism for diversifying economic risks and opportunities as well as to tap into better health, education, and other social services at individual and household or family levels.
Findings from the NUHDSS data show that although the vast majority of migrants came into the slums from rural areas, there is also significant intra-urban movements with over a third of male and female migrants coming from other parts of Nairobi, including other slum areas (Muindi et al. 2009 ). NUHDSS data show that 60% of inmigrants during 2003-2007 came from rural places and 36% from within Nairobi city (either slum or nonslum part of the city). The same pattern is observed in each study area, with 59% in Korogocho and 63% in Viwandani, migrating into the slum settlements directly from rural areas. Also, approximately 36% of migrants came from within Nairobi, either from other slums (12%) or nonslum parts (24%) of the city. Male migration is mostly motivated by livelihood prospects whereas females move for family reasons (i.e., marriage, divorce, etc). Over half of females (55%) reported having left their previous place of residence because of family reasons while about two-thirds of males (63%) moved because of poor job opportunities in their previous location. Frequent contacts allow slum residents to continue having strong links with their rural homes. These links are much stronger in Viwandani than Korogocho, with 82% of residents visiting their place of origin during the past year in Viwandani, compared to 51% in Korogocho.
Data and Methods

Data collection
This paper draws on longitudinal data collected under the NUHDSS that APHRC has been implementing since August 2002 in Korogocho and Viwandani slum settlements in Nairobi City. Fieldworkers visit all households in the two slum settlements once every four months to collect information on key demographic events (births, deaths, and migrations), health and various socioeconomic data. In this paper, we analyze migration data covering the first five years of the NUHDSS, from January 1, 2003 to December 31, 2007.
The procedures related to the NUHDSS organization can impact the quality of data collected. These include data collection periodicity, time threshold for internal and external migration, and changes in questionnaire design. For instance, from August 2002 to December 2006, the NUHDSS used the threshold period of 90 days to determine migration status. That is, one had to live in the demographic surveillance area (DSA) for at least 90 days to be designated as an in-migrant, while a resident in the system was designated as an out-migrant if he or she lived away from the DSA for at least 90 days. In May 2003, the visitation cycle was changed from 90 days to 120 days while the threshold period for migration remained 90 days. The threshold period was changed from 90 days to 120 days from January 2007 in order to make fieldwork easier by having the same period for the visitation cycle and the threshold period.
Movement within the DSA is considered as change of residence or internal migration. In principle, a resident who 'exited' from a location in the DSA area is expected to 'enter' in another location in the same or another DSA. However, sometimes some people who are reported to have made an internal movement are not found in any other location in the DSA several rounds later. These cases are called 'hanging cases' and can introduce biases in the calculation of demographic and health indicators if they are not controlled for in the analysis and ultimately resolved.
Changes in the periodicity and issues related to the internal and external movements in the DSA impact the comparability of the migration data over time. Also, since fieldworkers are continually trained on data collection procedures and logistics, the quality of the longitudinal data is likely to improve over time. Data on out-migration may also be less reliable since the information is often collected from proxy respondents, given that the interview takes place after the migrant has left the DSA. It is therefore important to control for data collection effect using, for example, survey round or fieldworker as covariates in the analysis of the longitudinal data.
Measures
Out-migration and in-migration are both dependent variables examined in this analysis. Although the threshold period for in and out-migration was 90 days and was later changed to 120 days in the NUHDSS, we use a six-month threshold in this analysis. By choosing a higher (six-month) threshold, the analytical definition does not depend on the operational definition and its variation, and the six-month threshold complies with the definition commonly used in migration analysis. To note, the operational definition of residence excludes from analysis the short-term visitors since they will be classified as in-migrants only after residing in the DSA more than 90 days or 120 days. At the opposite, a resident who is travelling for less than 90 or 120 days out of the slums will still be considered a resident during that period of temporary absence.
The independent variables used in our regression models include calendar quarter, slum area, gender, educational attainment, marital status, period of notice of demolition, a set of household characteristics (toilet, piped water, electricity, ownership of the structure, type of floor material, type of roof material, possession of radio, television and phone), and ethnic group.
The calendar quarter variable captures the seasonal effect through division of the year into four calendar periods: January to March, April to June, July to September, and October to December. Educational attainment is divided into six categories: no education, incomplete primary education, complete primary education, incomplete secondary education, complete secondary education, and higher education. The distinction between complete and incomplete education is used to identify the possible effect of completing primary or secondary school with a certificate. Union status is a dichotomous variable: married/living together vs. not married (single, divorced/separated, widowed). Those who are married and those living together are combined because most couples in Nairobi that consider themselves legitimate have not formalised their union . Ethnicity comprises seven groups -Kikuyu, Luyha, Luo, Kamba, Meru/Embu, Kisii, Somali -and a residual group of other ethnic groups. Ethnicity represents a proxy measure of the primary means of economic survival and proximity to Nairobi for geographical areas where the groups originate from. Data on actual place of origin were not available for the whole NUHDSS population since only those who in-migrated after the beginning of the DSS (from August 2002) are asked about their place of origin. For instance, some ethnic groups whose regions of origin are close to Nairobi and have less agricultural land (like the Kikuyus) or who suffer from perpetual drought (like the agro-pastoral Somalis originating in North-Eastern Province, some 300-800 km from Nairobi) may be more inclined to migrate "permanently" while those from areas close to Nairobi but with occasional or seasonal climatic hazards (like the Kambas, some 100-200 km from Nairobi) may be inclined to migrate for shorter periods of time and keep closer ties with their original homes. Merus and Embus originate in the region around Mount Kenya and fairly close (100-250 km) to Nairobi, while the Luhyas, Luos and Kisii originate in the Western Province far (350-500 km) from Nairobi.
Slum area comprised two categories: Korogocho and Viwandani (see description in section 2). In each slum area, the period of notice of demolition characterizes the date when the Kenya Power Lighting Company (KPLC) and other public companies (Kenya Railway, Kenya Pipeline) gave a three month ultimatum to residents living under high voltage electricity lines or near the railway and pipelines to move out of their houses or face forced eviction and demolition of the houses. This period goes from January 4 th , 2004 to March 2 nd , 2004, and is set as a time-varying indicator. The variable is included in the analysis because the order resulted in mass migration of people who lived in the designated problem areas, and also attracted many in-migrants later when many of the demolished houses were rebuilt when it turned out that the order was not strictly enforced. Socioeconomic status is measured at household-level to reflect ownership of the dwelling unit and presence of key amenities: whether the individual lives in a structure with access to toilets (either flush or traditional pit) or not, whether the structure possesses piped water or not, whether the dwelling unit is connected to electricity or not, and whether the household owns the dwelling unit or not.
For the out-migration model, we added to the covariates described above an indicator of duration of residence in the slum in order to verify the hypothesis that the slum is a transitory place of residence. In this case, one expects the recent migrants to be more mobile than other migrants. A selection process might be at play that makes some migrants stay longer than others. This variable is time-varying and is reset to zero at each new in-migration (i.e., when a respondent out-migrates from the DSA and inmigrates again into the DSA). The duration of residence is defined in 11 categories: non-migrants and duration greater or equal to 3 years (reference category), 6-8 months, 9-11 months, each category consisting of 3-month intervals, until 33-35 months. Note that none of the migrants can have a duration of less than 6 months, since the duration threshold to be included in our population at risk is 6 months.
Limitations
Most of the explanatory variables used in our analysis are time-invariant, thus limiting the causal explanation. Some variables such as marital status, socioeconomic status (including education) could have more explanatory power when they vary over the follow-up period. Employment histories were not collected in a systematic way over the data collection period and could not be used in the analysis. The relationships between migration and employment have thus not been fully explored. We tried as much as possible to supplement our analysis with information gathered from other studies nested within the NUHDSS or other studies done in Nairobi. Furthermore, we have not examined reasons for migration in our analysis to determine the push and pull factors of migration, since reasons for migration were only collected for those who migrated to the study area after the start of the NUHDSS while those enumerated in the initial census were not asked why they came to the study area.
Standard errors are corrected for unobserved heterogeneity (also known as 'shared frailty'), i.e., our regression analysis controls for random effects measured on fieldworkers. This is because each fieldworker is assigned a specific set of neighbouring structures and households that may have unknown common characteristics, such as the ones depicted in the preceding paragraph. The NUHDSS is structured in such a way that the same individual can be interviewed successively by different fieldworkers. We assume that observations for individuals interviewed by the same fieldworker are correlated and thus non-independent. By controlling for intrafieldworker correlation, we also control for intra-individual and inter-individual differences in quality of the data collected by fieldworkers in the field. Statistical tests show that this correlation cannot be ignored and that standard errors would be underestimated (and statistical significance overestimated); if we do not control for unobserved heterogeneity at the fieldworker level.
Descriptive analysis
This study involves the analysis of both in-and out-migrations. In-migration rates are often computed using the aggregate-based method, i.e., in-migrations are counted for a specific time-interval (usually the year, or the month if one is interested in seasonal variations) and divided by the resident population at the beginning of the interval to produce migration probabilities or at mid-interval to produce migration rates. With outand in-migration probabilities, techniques of the increment-decrement tables can apply (Kintner 2004) . These descriptive techniques used in HDSS analysis and were typically adopted so far to analyse NUHDSS data (Zulu et al. 2006) .
The main difference between the life table (actuarial) method and the EHA is not so much in the method of computation as in the use of time-intervals. Because the life table method aggregates separately the numerator and the denominator to compute rates or probabilities, the practical choice of unit time is usually the year in demographic analyses, though in principle any other unit time may be used. In EHA, e.g., to produce Kaplan-Meier estimates, exact dates of events can readily be used for computation, without loss of information. The time at risk can be computed from the date of event and the date of censoring, as recorded from the field. In other words, the precision in the analysis will not be less than what data collection offers.
How does the life table method of analysing migration translate into EHA? Outmigration is straightforward since it can be analysed as any other demographic event, i.e., with decrement tables. The individual, who experienced out-migration is removed from the population at risk, or in the case of a renewable event, may again be included in the population at risk through return migration, until censoring by last observation or death. However, in-migration is more difficult to deal with because in-migrants are increasing the population at risk instead of decreasing it as with out-migration, death, marriage, etc. The population at risk is the population that receives the in-migrants (host population) and not the population from where the in-migrants originate (sending population). In other words, the in-migrant is added to the population at risk of receiving migrants.
Noticing that in-migration is just the opposite process of out-migration, our method consists of running the time of analysis in reverse in order to produce tables that will formally have the same structure and properties as decrement tables but which will be interpreted as increment tables. Beyond descriptive analysis, this method allows us to conduct multivariate analysis on the determinants of in-migration in much the same way as out-migration is analysed.
For out-migration analysis, the starting time of analysis is often birth, any specific age (e.g., age 15 or 18, when the migrant is likely to migrate of his/her own will), or a specific calendar date from when period-specific migration rates are to be produced. For in-migration analysis, specific calendar dates or age can also be used, but reversing time will prevent us from using date of death (the mirror equivalent of date of birth) as a starting time of analysis. This is because death occurs at very different ages and therefore would introduce unnecessary age heterogeneity in the analysis time. In addition, death is in most cases not independent from migration behaviour. For these reasons, in order to produce age-specific in-migration rates, the analyst has to choose the age for starting the time in reverse, depending on the size of the population at risk at older ages and the scope of the analysis.
In this paper, we chose age 70 as our starting (reverse) time for in-migration analysis, as the population becomes small after this age (0.6% of the total person-years). To note, death and last observation time (last census round in HDSS) are censoring events for out-migration analysis, whereas birth and first observation time (first census round in HDSS) are censoring events for in-migration analysis using reverse time.
Besides computing migration rates by age, we also compute annual in-and outmigration rates during the 
Regression analysis
For regression analysis, semi-parametric proportional hazards (Cox) model was used since it does not require specification of the form of the distribution of baseline hazard rate (Allison 1991; Courgeau and Lelièvre 1989; Cox and Oakes 1984; Trussel, Hankinson, and Tilton 1992) . For out-migration analysis, the model takes the form:
where is a vector of independent, possibly time-varying covariates as described above in the measures section, and the associated vector of coefficients, while is the baseline hazard rate at
The analysis time t is the age of individuals, starting at 15 years old with a maximum value of 70 years old. Therefore, the baseline hazard rates are given by age and form the non-parametric part of the model. Their distribution reflects the empirical distribution as described in the descriptive results section of this paper and for that reason is not commented further in the regression section. The same model is applied to in-migration analysis except that t is replaced by its inverse
, starting from t=70 years old. In other words, the regression analysis is limited to in-and outmigrations between 15 and 70 years old.
Because the data show some inconsistencies at the beginning and at the end of the observation period, as noted in the descriptive results section, the earliest observation time for each individual is July 1, 2003 and the latest is June 30, 2007. This four year period covers a total of 73,738 individuals aged at least 15 years old (as of July 1, 2003) in the DSA, of which 41,497 out-migrated and 40,349 in-migrated. Note, since migration is a renewable event, individuals can in-and out-migrate several times and therefore can be both in-and out-migrants over the observation period. Gaps are thus considered in the analysis since individuals can move in and out continuously.
Three models were run, for males and females separately and for both sexes (which is referred to as the 'general model' in section 5). We interpret the findings from the general model and only comment on the gender-specific models when the results of the latter are different from those of the general model. When the hazard ratio is greater than one, it means a higher risk of occurrence of the event in the corresponding covariate (compared to the reference covariate). Conversely, the risk of occurrence of the event is lower when the coefficient is less than one. Although data on employment are not available for the whole observation period, a specific survey conducted in 2004 showed that in Korogocho, among men aged 18 years and above, only 11% were in salaried employment, 10% in established trading, 34% in casual employment, 29% in petty trading, and 15% were without any income generating activity. Among women, 50% were without any income generation; 32% in petty trading, 8% in casual employment, , 6% in established trading, and 4% in salaried employment. In Viwandani, among men aged 18 years and above, 20% were in salaried employment in 2004, 7% in established trading, 42% in casual employment, 14% in petty trading and 12% without any income generating activity. Among women, 50% were without any income generating activity; 19% in petty trading, 18% in casual employment, 7% in established trading, and 3% in salaried employment.
Descriptive results
Characteristics of the population
Age and sex pattern
The migration intensity is high in the DSA, with more than a quarter of the residents moving in (26.7%) and out (27.1%) of the slums every year. Because there are currently no similar longitudinal data collected in an urban HDSS, we are unable to ascertain whether the migration intensity in Nairobi slums is particularly high in the African urban context. However, migration in the NUHDSS appears more intense compared to rural sites, although nonstandard migration definitions make cross-site comparison difficult (Collinson 2009 ). Using the same definition of migration as in the present study (6-month threshold), the in-migration rate in Agincourt rural HDSS was 11.0% and the out-migration rate 12.2% in -2006 (Bocquier, Collinson, and Tollman 2010 . While the average population of the DSA varies between 53,000 and 57,500 individuals during the period 2003-2007, the high intensity of migration is demonstrated by the fact that between 69,400 and 76,200 different people live at least three months in the DSA every year during the same period. The annual out-migration rates are 22% for Korogocho and 31% for Viwandani, translating into between 5,270 and 5,710 out-migrations every year in Korogocho; and between 9,030 and 9,750 outmigrations in Viwandani. The annual in-migration rates are respectively 21% and 32% in the two slums, i.e., between 5,140 and 5,580 in-migrations every year in Korogocho; and between 9,360 and 10,105 in Viwandani.
During the study period, in-and out-migration rates follow a classic pattern (Rogers and Castro 1981) , whereby they decrease between age 0 and age 14, then increase until age 24 before decreasing again till age 65 as observed in most HDSS (Collinson et al. 2009a ). Children aged less than 2 are less likely to in-migrate than to out-migrate. The opposite holds between 3-14 years old where people are slightly more likely to move out of the DSA than to move in. Indeed, the in-migration rates were 23% for the 5 year olds and 17% for the 10 year olds whereas the out-migration rates were 26% and 19% for the same age groups. The major differences between the two rates occur between ages 15-25 years. At these ages, the in-migration rates are much higher than the out-migration rates. The in-migration rate exceeded 50% between 19-21 years old, while out-migration was at its highest (more than 35%) between 21-26 years old. From age 25 to 70, it appears that people are more likely to out-migrate than to inmigrate into the DSA by 2-5 percentage points. Figure 1 presents rates of in-and out-migration to and from the two slums over the study period. The general pattern observed for the whole DSA applies when we consider each slum area separately, although some differences are noticed. First, Viwandani has relatively higher mobility than Korogocho at virtually all age groups. For example, in-migration exceeds 30% between 17-21 years old in Korogocho, and 60% for the same age group in Viwandani. In both study areas, there is more outmigration than in-migration between the early school-going ages of 5-14, suggesting that many parents send their children out, possibly to their rural homes for schooling. This may be a survival strategy that slum dwellers use to help their children escape the substandard and mostly informal schooling system in slum settlements (Oketch et al. 2008) . 
Viwandani
Figure 2 shows gender differences in out-and in-migration rates for the whole DSA. The in-migration rate in the whole DSA was 29% for females and 26% for males. This translates into 6,490 to 7,250 annual in-migrations for women; and 7,890 to 8,320 for men. In the same way, 28% of females and 26% of males were out-migrants during the period [2003] [2004] [2005] [2006] [2007] . The total number of annual out-migrations during this period varied from 6,250 to 6,990 for females and from 7,940 to 8,340 for males.
In general, data show that there is no gender difference before age 12, for both inmigration and out-migration, but slight differences are observed thereafter. For example, when looking at in-migration, females are more likely to move into the DSA than males between ages 12-20, while it is the opposite after age 25. Turning to outmigration, females show higher rates of moving out than males between 12-24 while males are more likely to out-migrate from age 25. In other words, at adult ages females are migrating younger than males. After age 60, males are clearly more likely to outmigrate than their female counterparts, reflecting gender difference in retirement age effect on migration. A similar pattern is observed for both in-migration and outmigration when considering Korogocho and Viwandani separately.
These results are echoing findings from the 2001 Nairobi Urban Integration Project (NUrIP) retrospective survey that showed little gender and generational difference in migration pattern for Nairobi as a whole. The median age at first migration into Nairobi did not change much: around 20 years old from the 1960s to the 1990s and was only one year less for females as compared to males , and this pattern is confirmed by the 1986 Urban Labour Force Survey (Mazumdar and Mazaheri 2002) . Although censuses show that the sex ratio in Nairobi is linearly declining from 1.47 in 1969 to 1.15 in 1999 ), the average age at migration remained stable for both sexes over the past 50 years in Nairobi. The similarity across genders depicted in Viwandani and Korogocho is therefore not specific to these slums. Out-migration
Evidence of calendar effects
Calendar effects are presented in Figures 3 to 6 , where the x-axis represents the months, from January 1st, 2003 to December 31st, 2007. The general pattern observed in figures 3 and 4 is the one of higher probability of in-migration during the month of February (and low in-migration rates towards the end of the year, i.e., September-October). The out-migration pattern observed shows higher rates around the end of one year and the start of the next. These patterns reflect a seasonal effect on the labour market whereby most industries close down during the end-of-the-year festive season and the general tendency among Kenyans to take vacation and go back to their places of origin during this period and return to Nairobi a few months later. The peak of out-migration at the beginning of the year may be linked to the end of the high season in the tourist industry with the termination of short-term contracts. The highest peak observed at the beginning of the year 2004 in Viwandani is due to the demolition of structures that led many slum residents to leave the area. During February and March, 7,860 people left the DSA; the vast majority (6,820) were from Viwandani. The rate reached 19.64% in February 2004 (i.e., 236% in annual term) in Viwandani, but the scale was kept the same in both graphs for the sake of comparison. The trend observed before July 2003 is likely to reflect data collection issues when the NUHDSS was still stabilizing its procedures, while the trend after July 2007 is likely to reflect the 'hanging cases' as mentioned in the methodology section. However, we cannot exclude that the higher out-migration and lower in-migration in the last Jan-03 Jul-03 Jan-04 Jul-04 Jan-05 Jul-05 Jan-06 Jul-06 Jan-07 Jul-07
In-migration rates Out-migration rates Figure 5 presents the net migration rates over the period [2003] [2004] [2005] [2006] [2007] . Negative net migration rates reflect higher movements out of the slum communities, thus meaning that the DSA is losing its population, as was the case at the time of structures demolition in Viwandani. The net rate reached -14.9% in February 2004 (i.e., -179% in annual term) in Viwandani, but the scale was kept the same in both graphs for the sake of comparison. Positive net migration rates mean higher movements into the DSA, which is then gaining additional population. Despite the demolitions, Viwandani grew, on average, faster than Korogocho from mid-2004 to mid-2007. Many of the houses that were demolished were rebuilt. This can be seen in the population trends depicted in Figure 6 . Table 2 displays results from a general model for both sexes (in-migration vs. outmigration). It should be noted that the model controls for age, which is the analysis time t, in the non-parametric component of the model. The hazard rates by age follow the same pattern depicted in the section 4.1. The chances to in-and out-migrate are lower in Korogocho than in Viwandani, corroborating the findings at the descriptive level. In-migration and out-migration are respectively 8% and 23% lower in Korogocho than Viwandani, indicating that the former retains more of its population than the latter.
Factors related to movements in and out of the slum areas
Individuals are more likely to out-migrate or in-migrate during the 1 st quarter of the year (January-March) than during other quarters. There is a negative relationship between quarter and in-migration, whereas the chances to out-migrate are at their lowest in the third quarter (July-September). The notice of demolition has a more significant positive effect on out-migration than on in-migration. It is expected that the chance of leaving the DSA increases during the period when the notice of demolition was given to the inhabitants since many houses were actually demolished and many of the residents had to leave the study area. However, the demolition period is also followed by an increase in in-migration because many of the houses were rebuilt after residents discovered that there was no serious enforcement of the demolition order.
In the out-migration model, the duration of residence is highly significant ( Figure  7) . The lowest probability of out-migrating is around 10 months of residence. There seems to be two categories of residents, those who stay less than 9 months and those who stay more than 12 months. The highest relative chances to out-migrate (1.5 times that of non-migrants and long-term residents) are found just after one year of residence. From one year of residence, the chances to out-migrate linearly decrease with duration of residence. Beyond 3 years of residence, no significant difference was observed between migrants and non-migrants. Differences based on ethnicity are observed for both movements, with Kikuyus being significantly less likely to in-migrate or out-migrate than other ethnic groups. It should be noted that Nairobi is situated close to Central Province, a predominantly Kikuyu region: the distance to 'home' area is therefore reduced for this ethnic group and day-time moves might actually replace longer-term migration. Furthermore, many Kikuyus living in slum settlements do not have land or another house in their place of origin, and are likely to live there for a long time. Actually, Kikuyus are also more likely to own houses in slums than the other groups. Data on ownership of property collected under the Urbanization, Poverty and Health Dynamics (UPHD) project show that about 64% of slum residents who own houses in Nairobi are Kikuyus. Also, the same ethnic group forms the largest group (40%) among those who do not own houses in their place of origin. However, geographical proximity as approximated by ethnic origin does not seem to be correlated with either in-or out-migration. Here, the local social context probably better explains the mobility differentials by ethnic group.
Education is significantly associated with out-migration and in-migration, with non-educated residents being less likely to leave or move into the DSA areas than those with incomplete primary or at least complete primary level of education. This implies that in-migrants are selected among the more educated people but those who are not educated, once they have moved in, are more likely to stay longer in the slum areas. Note that those who have completed their education, whether at primary, or at secondary level, have a higher chance to out-migrate and even more so to in-migrate than those who have not. This could be indicative of the value attached to certificates of formal education on Nairobi job market.
Persons in marital unions are significantly less likely to in-migrate into the slum communities. With regard to household characteristics, there is no significant difference by access to sanitation for both in-migration and out-migration. Living in a structure connected to electricity reduces the likelihood of moving out although the statistical significance is marginal (p-value<0.1). However, the probability of in-migration to a structure connected to electricity is increased by 6%. These results indicate that the presence of basic amenities like electricity may reduce the turn-over in the slum areas, thereby retaining the residents. However, we do not find the same effect for water. While for in-migration, there are no significant differences based on having access to piped water in the structure, results indicate a positive effect of piped water on outmigration. Households with piped water are a minority (less than 6%) and that indicator might actually reflect better overall economic income. For such households, outmigration from the slums may signify upward mobility. In addition, individuals living in structures with finished roof or floor are significantly more likely to migrate either in-or out. Possession of a radio or television set decreases the likelihood of moving either in or out of the slum communities. To note, possession of a phone only slightly reduces in-migration, but it is the most important single factor that reduces the chance to out-migrate (58% reduction). Possession of a phone was a stronger indicator of wellbeing during the reference period than it is currently, since the cost of mobile phones has gone down markedly.
Structure ownership has a significant effect on out-migration, with residents being less likely to move out from the slums when the household owns the structure. Most people in slum settlements (7 out of 8) are tenants. The effect of ownership of housing unit on out-migration is mirrored by the reduced chance to in-migrate in a structure owned by the household. Many come to the slums as tenants and can only buy housing units after generating and saving some income over the years or establishing connections to enable them to identify and buy structures.
Gender has a significant effect on in-and out-migration, with males being less likely to move in and out of the slum communities than females. However, for both outand in-migration, the effects observed for both sexes in the general model hold for the gender-specific models (results not shown), with minor differences regarding ethnicity and educational attainment. For out-migration, while results for males show the same effect for ethnicity as in the general model, it is not the case for females where no significant difference was observed for the Somali ethnic group. With regard to education, the results for females show the same effect as in the general model, but it is not the case for males where there is no significant difference for individuals with no education and those with incomplete secondary level education. Marital union is negatively associated with out-migration for males whereas the effect is not significant for females as observed in the general model.
For in-migration, contrary to what was observed in the general model, no significant difference was observed for females with regard to slum of residence. Results on ethnicity show that for females, no significant difference was observed between Kikuyus and the Luo and Somali ethnic groups. For males, no significant difference was found between Kikuyus and the Meru/Embu ethnic group. 
Discussion
Descriptive results presented in this paper confirm that migration intensity is particularly high at ages 20-24, when residents are more likely to move in and out of the two slums. This is consistent with the traditional evidence about the high mobility of young adults in sub-Saharan Africa (Oucho and Gould 1993) . Between 15-24 years old, people are more likely to move into the slums than to move out. The opposite holds between 25-70 years of age. The in-migration window is very narrow and concentrated around age 20. Also, a quarter of slum dwellers move from the study areas every year to another part of the city or out of the city. Other analysis of NUHDSS data shows that the main destinations of out-migrants include rural areas (44%), other slum (32%) and non-slum (19%) parts of Nairobi.
Our results also show evidence of calendar effects whereby movements in and out of the DSA are intense at some specific times of the year. Relatively high probabilities of in-migration are observed at the beginning of the year (around February), while high chances of out-migration are observed around the end of the year (around December). This pattern is in line with the labour market tradition whereby most industries close down during the end-of-year festive season, and the tendency of Kenyans to move to go to their places of origin for end-of-the-year festivities. At this occasion, many will stop paying their rent in the slums. Some people, especially those who did not have stable livelihood sources, opt to stay in their rural homes for good or for several months before returning to Nairobi to look for other livelihood opportunities. Others will come back to Nairobi in January or February, but not necessarily to the same slum since the room they left in December may have been rented to somebody else. This renting pattern contributes to the high circulation in the slums. Also, the effect of the notice of demolition is clearly corroborated, with the highest out-migration rate being observed at the beginning of the year 2004 when residents were ordered to vacate houses constructed under high voltage electricity lines, or close to the railway line.
The age and seasonal patterns indicate that the circulatory migration system is at work in slum settlements on different time scales, the year and the lifetime. The results confirm that the classic rural-to-urban migration observed at the beginning of the urbanisation process (as before the 1970s in the case of Kenya) gave way to circular migration. This circulation is observed along a yearly time scale, as evidenced by seasonal effects, as well as on the lifetime, with in-migration corresponding generally to the time of entry into adulthood while out-migration is systematically more frequent than in-migration after 25 years old. These results echoed those of the NUrIP survey for Nairobi as a whole that showed that generations of migrants moved to Nairobi between 17-23 years old ). Relatively few of them form families in Nairobi Province, which has the lowest total fertility rate (2.7 in [2000] [2001] [2002] [2003] of all Provinces in Kenya (4.9 for the whole country in 2000-2003) (Central Bureau of Statistics (CBS) [Kenya] , Ministry of Health (MOH) [Kenya] and ORC Marco 2004). Our data also show a unique phenomenon whereby children born or raised in their first years in Nairobi are sent outside the slums for their education. One result of this persistent migration pattern is that the age pyramid is very squeezed around the 10-14 age-group. According to census data, the proportion of the school-age group (5-19) was only 26% in 1999 census (compared to 40% for Kenya as a whole), a situation that has not evolved much since 1969 (29% in Nairobi compared to 39% in Kenya) .
Although the data on reasons for out-migration are incomplete, and since we mostly interview proxy respondents after out-migration and we did not have timevarying measures of employment status in our analysis, we expect out-migrants to be predominantly those who fail to get jobs or other sources of livelihoods. A recent qualitative study aimed at determining the extent of satisfaction with the decision to migrate to Nairobi and live in the slums shows that frustration for slum dwellers mostly revolves around inability to find stable sources of income, which would enable them to afford houses with better amenities or save enough money to escape the poor environmental conditions in which they live (Mudege and Zulu 2010) .
Contrary to expectations, our data show a higher intensity of female migration compared to males. Females are more likely to move in and out of the DSA, suggesting a higher circulation of women. Parallel to this high circulation is an increasing positive net migration in favour of women, leading to a major shift in the gender composition of the slums. Males are still the majority in the slums but females are contributing more to the slum growth than males (the sex ratio declined from 1.53 to 1.41 males for 1 female in just 4 years of observation). The net migration rate over the period was +0.34% a year, but it was negative for males (-0.19%) and positive for females (+1.04%). These rates mean that in the long-term, the slums will have a more balanced sex ratio, paralleling the trend observed in the city as a whole: the Nairobi sex ratio shifted from 3.5 males to 1 female in 1948, 1.47 to 1 in 1969, 1.38 to 1 in 1979, 1.31 to 1 in 1989, to 1.15 to 1 in 1999 ).
In-migration rates are higher for females than for males between 12-20 years old. Also, higher out-migration rates are observed for females between 12-24 years old but males are more likely to out-migrate at older ages (60 or more). This pattern appears to be linked to different motivations for migration and opportunities for escaping the slum settlements between males and females. While male migration is mostly motivated by livelihood factors, many women also come and leave Nairobi because of family-related factors such as child bearing and rearing, and union formation. Women have greater opportunities to leave slum settlements for non-slum parts of Nairobi due to marriage or employment as live-in house maids, and many also return to rural areas to get married after working in Nairobi for a few months or years. Previous evidence based on NUHDSS data showed that overall, 58% of men and 22% of women came to the slum areas under study in search of better livelihood opportunities, including employment. Livelihood prospect was the main reason that pushed 70% of men and 22% of women who came directly from their rural homes to move to the slum areas (Zulu et al. 2006) . Similarly, most people moving out of the slum areas do so mostly because of the cost of living, the high rent, and job and business prospects as well.
Although men are considerably more likely to migrate to Nairobi for economic reasons than women, given that many women stay behind and follow their husbands after they have managed to get some source of income in Nairobi, an increasing number of women are coming to Nairobi independently and to satisfy their own economic needs (Batten, Baschieri, and Zulu 2009 ). Actually, qualitative data indicate that while many women set forth 'joining family' as the main motivation for coming to Nairobi, it is often economic strains that push them to come and join their husbands (Mudege and Zulu 2010) . For instance, many women come to join their husbands so that they can both generate some income to support their families. Some divorced or widowed women leave their rural homes to come to Nairobi because the city gives them autonomy from their husbands' relatives to focus on their own economic advancement. The increasing feminization of migration has been noted in other parts of Africa as well. For instance, in a South African rural setting, Collinson and colleagues reported significant and growing female migration rates (Collinson et al. 2006 ). In the case of Nairobi, women may come to town for short stays between planting seasons to look for additional revenues for the household.
The multivariate analysis shows the strong influence of sex, ethnicity, and economic status in explaining in-and out-migration. If slums are purely transitory settlements, we would expect those who improve their socioeconomic status as well as those who fail to get reasonable livelihoods to migrate out of the slums. However, our results show that those with access to basic amenities like electricity and those who own housing structures are less likely to leave the slums. It is worth noting that access to piped water does not have the same retention effect as other amenities, maybe because water is available from water vendors. Landlords do not find it really beneficial to install water supply in their structures. It is the availability of electricity and proper sanitation that differentiates the cheap and the expensive houses.
A major result of our analysis is that the factors that are conducive to in-migration are the same (with some exceptions) that are conducive to out-migration in the slums. How can the same factors be both attractive and repulsive? This is explained by the relatively stable composition of slum-dwellers and characteristics of slum-dwellings, despite high mobility. If the living conditions and socioeconomic status of the slum dwellers have not evolved much over the years, it is not surprising that in-migrants are replacing out-migrants with more or less the same socioeconomic status, living in the same living conditions. The high mobility of recent migrants is confirmed by the higher chance to out-migrate between 1-3 years of residence in the slums. The long-term residents stay in the slums through a selection process and change their needs and objectives compared to recent migrants. In particular, migrants may be attracted by cheap rent associated with low access to amenities, but may leave the slums when they cannot afford the rent (e.g., after losing a job) or, on the contrary, when they can afford better amenities elsewhere. But they may also stay in the slums when able to acquire these amenities and even own their structure, thus changing their basic socioeconomic conditions. These downward and upward mobilities do not necessarily mean that people start off distinctly as long stayers or short stayers in the slums. The long-term residents may have had the same characteristics as others at the beginning of their stay in the slums, but because of a selection process, they may have acquired new or different characteristics that made them stay longer than other people who started to live in the slums under the same conditions. This is where the principle limitation of our results lies. Due to data limitations, we could not control for the full range of push and pull factors of migration, in particular time-varying factors related to change in socioeconomic status and employment histories. Given the importance of livelihoods and basic amenities as pull and push factors, future analysis should include timevarying employment and social amenities data.
Conclusion
The analyses presented in this paper show the applicability of the EHA methodology to the study of the main determinants of movements in and out of two Nairobi slumsKorogocho and Viwandani, using longitudinal data collected between 2003 and 2007 under the NUHDSS. Overall, findings confirm the circulatory nature of the migration system in slum settlements: the continuous in-migration flow in the poorest area of the city is explained by a counter-balancing out-migration flow. This high turnover, which is mostly restricted to the young adulthood ages of 20-24, is due to the insecurity of livelihood and tenure of slum dwellers. The population pyramid for the slum settlements is characteristic of very mobile young adult populations: very squeezed around the 10-14 age-group, ballooning in the middle ages, with very few people at older ages. One of the key findings of this study is the higher intensity of female migration compared to male migration , and the increasing contribution of females to the growth of the slum population. This pattern is likely to change the face of slum settlements and make them less male dominated, in line with city-wide trends that have seen the sex ratio decline from 3.5 to 1.3 males to 1 female between 1948 and 1999.
Understanding the extent and patterns of migration is vital for the success of any intervention programs seeking to improve the wellbeing of slum dwellers. For instance, interventions should take into account the extent of population mobility and should depend on whether people are likely to stay in the slums for a long or a short time. If slum settlements were mostly transitory, one would expect those who do well economically to leave the slums. However, our findings show that those who do relatively well, as shown by residence in houses with better amenities or ownership of houses, are less likely to leave. It would be interesting to assess how ongoing efforts to improve the wellbeing of slum dwellers, which are mostly focused on upgrading of basic amenities and social services, would affect the extent of in-migration as well as out-migration, especially if such upgrades would be achieved without substantial improvement in the livelihood base for the population. This may depend on the migration selection process identified in this article. Cost of living (rents in particular) might increase as a result of the upgrading, and the poorest migrants will then seek to relocate to other slums where the rent is cheaper. The poverty would just move places together with the poorest. Therefore, the positive effects of slum upgrading in reducing poverty may only be realized if the upgrading is general and coordinated over the city slums.
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